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Abstract 
Understanding and quantifying the impact of soil management and use on its physical properties are essential to 
the development of sustainable agricultural systems. Thus, the aim of this study was to assess the effect of 
agricultural gypsum, soil scarification and succession planting on the physical attributes of dystrophic red-yellow 
latosol in Porto Velho, Rondônia state (RO), Brazil. The treatments used were absence and application of 2000 
kg ha-1 of gypsum, absence and use of soil scarification, and three types of crop succession: SF (soybean/fallow), 
SMF (soybean/maize/fallow) and SMBF (soybean/maize/brachiaria/fallow). A randomized block design was 
used on eight blocks, for a 2 × 2 × 3 factorial arrangement. Soil parameters assessed were macroporosity, 
microporosity, total porosity, soil density, moisture content and penetration resistance. Data normality was 
assessed using the Shapiro-Wilk test. The data were submitted to analysis of variance and means were compared 
by the Scott-Knott test at 5% probability. The highest macroporosity and total porosity values were recorded in 
treatments with gypsum application and soil scarification. Penetration resistance was lower in the SMBF and 
SMF crop successions. There was no treatment effect on the soil density.  
Keywords: soil physical attributes, soil management, crop succession  
1. Introduction 
Correct soil management is vital to optimum crop development. Proper soil management aims to reconcile 
efficient production systems with the conservation of natural and especially nonrenewable resources; however, 
this cannot always be fully achieved because many agricultural practices significantly affect the environment 
(Carvalho, Goedert, & Armando, 2014). Inadequate soil management, such as excessive tillage, can increase soil 
density and reduce macroporosity and total porosities (Soares, Campos, Oliveira, Cunha, & Santos, 2016), which 
may hamper crop development (Vitória, Fernandes, Texeira, & Cecon, 2014; Lamas, Ferreira, La Torre, & Staut, 
2016). As such, these characteristics should be monitored in order to assess the quality of soil management 
(Bertol, Albuquerque, Leite, Amaral, & Zoldan Júnior, 2004). No-till and minimum tillage are recommended as 
management systems capable of recovering the natural structure of the soil, since limiting soil turning and the 
use of agricultural machinery associated with cover crops contributes to preserving or recovering soil structure.  
However, even conservation-oriented systems can result in loss of physical property; for example, in no-till 
farming agricultural lime is only applied to the surface, which can lead to excessively high pH levels, clay 
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a depth of 30 to 35 cm, with the scarifier blades spaced 30 cm apart, and the gypsum dose used was 2,000 kg ha-1. 
Both treatments were applied in 2013, the first year of the experiment, before soybean was planted. Planting 
densities were of 260,000 to 340,000 plants ha-1 for soybean, 50,000 to 70,000 plants ha-1 for maize and 16 kg ha-1 
of brachiaria seeds. 
Soybean was planted in November 2013, December 2014, December 2015 and November 2016; maize and 
brachiaria were always planted 30 days after soybean harvesting. Soybean and maize were planted by mechanical 
seed drilling and brachiaria by manual broadcasting.  
Fertilization was performed using the following NPK formulations: 400 kg-1 of 0-30-15 at soybean planting, plus 
300 kg ha-1 of 4-30-10 at maize planting (with or without brachiaria) and 150 kg ha-1 of 25-0-25 as topdressing for 
maize crops (with or without brachiaria), 30 days after germination.  
2.3 Analyses 
2.3.1 Soil Chemical Analyses 
Prior to the study, the soil was sampled at a depth of 0.0-0.20 m for chemical characterization. The attributes 
assessed were pH (H2O), Ca
2+, Mg2+, K+, Al3+, (H++Al3+), and P. Ca2+, Mg2+ and Al3+ were determined by titration 
using 1.0 mol L-1 KCl for extraction. P and K+ were extracted using Mehlich-1, with P determined by colorimetry 
and K+ by flame photometry. Potential acidity (H++Al3+) was determined by titration, using 0.5 mol L-1 of calcium 
acetate for extraction. The analyses were performed in accordance with the methodologies described by Embrapa 
(2011).  
2.3.2 Soil Physical Analyses 
In October 2016, undisturbed soil samples were collected using volumetric rings at depths of 0.0-0.05, 0.05-0.10, 
0.10-0.20 m in each plot. These samples were used to determine porosity, penetration resistance, density and 
moisture, as described below. Disturbed samples were also collected to determine soil texture, with one sample 
per treatment, at depths of 0.0-0.05, 0.05-0.10, 0.10-0.20 m.  
Soil texture was determined using the pipette method, by dispersing the soil in 1 mol NaOH solution followed by 
mechanical agitation in a high-speed stirrer for 15 minutes, in line with Embrapa recommendations (2011). The 
clay fraction was separated by sedimentation, course and fine sand by sieving, and silt was calculated by 
deduction from the other fractions.  
Porosity was determined on a tension table, where the samples were submitted to pressure of 6 MPa to remove 
water from the macropores (≥ 0.05 mm diameter). Macropores were estimated as a difference between the 
saturated soil moisture content and moisture content after the application of pressure. The volume of the 
micropores was estimated as the moisture content retained when pressure was applied. After drainage, the 
samples were dried in an oven at 105 °C for 24 h to determine soil density (Embrapa, 2011). 
The mechanical resistance to penetration of the soil was determined using a Marconi MA-933 penetrometer with 
a constant speed of 4 mm s-1, equipped with a 200 N load cell and a cylindrical probe with a cone-shaped tip (4 
mm wide, a semi-angle of 30°). The receptor and interface were coupled to a microcomputer, in order to record 
the readings in the equipment software (Dalchiavon et al., 2011).  
2.3.3 Statistical Analyses 
Data normality was assessed using the Shapiro-Wilk test. The data were submitted to analysis of variance and, 
when significant was revealed, means were compared by the Scott-Knott test at 5% probability. 
3. Results and Discussion 
3.1 Chemical Characterization of the Soil 
Table 1 shows the results of soil chemical analysis before the study.  
 
Table 1. Chemical analysis of the soil in the experimental area in the 0.00-0.20 m layer 
pH Ca2++Mg2+ K+ Al3+ H++Al3+ T SBC OM Available P  
H2O ------------------------------------- cmolc dm
-3 ------------------------------------ ---------- mg dm-3 ---------
5.0 1.7 0.12 2.2 5.9 7.7 1.73 3.2 1.4 
Note. pH: In water; SBC: sum of base cations; T: CEC at pH 7.0; OM: organic matter.  
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3.2 Physical Attributes of the Soil  
3.2.1 Porosity and Density 
Gypsum application at 0.00-0.05 m increased macroporosity (MaP) and reduced microporosity (MiP) (Table 2). 
These findings corroborate those of Silva and Kay (1997), who reported that micropores are relatively less 
affected by soil management than macropores, since microporosity is related to the arrangement of isolated 
primary mineral particles and microaggregates. The results of the Shapiro-Wilk test indicated data normality for 
all the variables studied.  
In general, gypsum can facilitate root development, providing good soil structure and resulting in decreased 
microporosity (MiP), which, in turn, is counterbalanced by increased MaP and total porosity (Tp). Albeit to a 
lesser extent, the same behavior was observed at 0.05-0.10 m, given that the highest MaP value was recorded in 
the gypsum treatment (Table 2).  
No significant differences were observed in the physical attributes tested for the gypsum treatment at 0.10-0.20 
m (Table 2). These results are consistent with those reported by Lima, Pauletto, Gomes, Hartwig, and Passianoto 
(2006), who studied planosol compaction as a function of management systems and found that treatments with 
and without gypsum did not affect MaP, MiP, Tp and soil density (Sd) at depths of 0.15-0.30 and 0.30-0.45 m. 
Soil scarification did not influence any of the physical attributes tested in the 0.00-0.05 m layer (Table 2). By 
contrast, significant differences were observed at depths of 0.05-0.10 and 0.10-0.20 m, with the highest MaP and 
Pt values recorded in the scarification treatment (Table 2). Similar results were obtained by Araújo, Tormena, 
Inoue, and Costa (2004), indicating that the persistence of scarification effects is likely associated with greater 
structural stability of the soil due to root development. Additionally, the same authors reported that using 
scarifiers results in higher macroporosity and total porosity, but lower microporosity.  
Scarification showed no effect on soil density (SD) in any of the layers assessed (Table 2). These findings are in 
accordance with Nagahama, Granja, Cortez, Ramos, and Arcoverde (2016), who found no differences in SD 
before and after scarification in the three soil layers studied. However, Evans, Lindstrom, Voorhees, Mocrief, and 
Nelson (1996) argued that soil density, determined by the volumetric ring technique, was relatively insensitive to 
the effect of scarification, which could explain the lack of statistical difference between treatments.  
With respect to the effect of succession planting, lower MaP values were observed for the SMBF and SMF 
systems in all three layers assessed. In the soybean/fallow (SF) system, the highest MaP and Tp values were 
recorded at 0.10-0.20 m (Table 2). Bertol, Albuquerque, Leite, Amaral, and Zoldan Júnior (2004) found no 
variation in soil physical properties using different cropping systems, including crop rotation and succession; 
however, the authors only studied one production cycle and suggested further investigations to assess the effect 
over a longer time period.  
By contrast, the higher MaP in the SF system may be related to the less intense soil management strategy in the 
area, since less machinery is used (no machines for planting, management and harvesting of the succession crop). 
This is corroborated by Streck, Reinert, Reichert, and Kaiser (2004), who reported that the movement of a tractor 
over the soil during harvesting caused a reduction in macropores as a result of the pressure exerted by the tractor 
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Table 2. Mean values for macroporosity (MaP), microporosity (MiP), total porosity (Tp) and soil density (SD) as 
a function of agricultural gypsum, soil scarification and crop succession systems at different soil depths 
Treatments 
 0.00-0.05 m 0.05-0.10 m 0.10-0.20 m 
 MaP MiP Tp SD MaP MiP Tp SD MaP MiP Tp SD 
  --------- m3 m-3 -------- kg dm-3 --------- m3 m-3 -------- kg dm-3 --------- m3 m-3 -------- kg dm-3
Gypsum With 0.16 a 0.40 b 0.56 0.90 0.14 a 0.41 0.55 1.03 0.13 0.43 0.56 1.05 
 Without 0.14 b 0.43 a 0.57 0.89 0.12 b 0.42 0.54 1.01 0.12 0.43 0.56 1.06 
ANOVA  * * ns ns ** ns ns ns ns ns ns ns 
Scarification With 0.14 0.42 0.56 0.89 0.14 a 0.42 0.56 a 1.00 0.14 a 0.43 0.57 a 1.06 
 Without 0.14 0.42 0.56 0.90 0.12 b 0.42 0.54 b 1.04 0.12 b 0.43 0.55 b 1.05 
ANOVA  ns ns ns ns ** ns ** ns ** ns ** ns 
Succession SMBF 0.14 b 0.42 0.56 0.90 0.13 b 0.42 0.55 1.03 0.12 b 0.43 0.55 b 1.06 
 SMF 0.14 b 0.42 0.56 0.89 0.13 b 0.42 0.55 1.01 0.12 b 0.44 0.56 b 1.05 
 SF 0.15 a 0.42 0.57 0.89 0.15 a 0.41 0.56 1.03 0.14 a 0.43 0.57 a 1.06 
ANOVA  ** ns ns ns * ns ns ns ** ns * ns 
Note. SMBF = soybean/maize/brachiaria/fallow; SMF = soybean/maize/fallow; SF = soybean/fallow; ** 
significant at 1% probability (p < .01); * significant at 5% probability (0.01 ≤ p < 0.05); ns = not significant (p ≥ 
0.05). Means followed by the same lowercase letter do not differ according to the Scott-Knott test at 5% 
probability.  
 
A general analysis indicated that, in the three layers assessed, all the succession systems exhibited MaP values 
higher than the critical threshold of 0.10 m3m-3 stipulated in the literature (Klein, 2008). Microporosity (MiP), 
responsible for storing water in the soil profile, remained unchanged in the successions systems in the three 
layers studied (Table 2), indicating that this physical property is not sensitive to the varying root systems of 
different plants in crop rotation or succession planting. 
In the three layers studied (Table 2), all the succession systems obtained similar soil density (SD) results, 
demonstrating no significant effect for the species used and therefore making it impossible to identify the 
succession systems most effective at improving this physical attribute. 
Bertol et al. (2004) also found no significant effect in SD values for different crop succession-rotation systems. 
Similarly, Abreu, Reichert, and Reinert (2004), found that the advantage of including cover crops is primarily 
linked to the creation of biopores highly efficient at soil aeration and water filtration. These pores typically 
represent less than 3% of soil volume and their formation slightly reduces soil density. It is important to 
underscore that these studies obtained significant results because the experiments were long-term. Reinert, 
Albuquerque, Reichert, Aita, and Andrada (2008) suggested that SD values of approximately 1.85 Mg m-3 
restrict plant development, according to the silt + clay content of the soil. The mean SD values obtained in the 
present study did not exceed this threshold, irrespective of the treatments assessed. 
3.2.2 Soil Penetration Resistance and Gravimetric Water Content 
Soil penetration resistance (PR) includes the effects of density and moisture on the physical conditions needed 
for root growth. The results of PR assessment are presented in Table 3. Gypsum application showed no effect on 
PR in any of the soil layers studied. These results are in agreement with Oliveira et al. (2017), who studied the 
residual effect of gypsum on soil penetration resistance and also observed no differences in the soil conditioning 
systems assessed.  
Scarification showed no effect on PR in the three layers studied (Table 3). These findings may be related to the 
shorter residual effect of scarification, which may be less than the four years between treatment application and 
its assessment, meaning it does not persist over time.  
Drescher et al. (2016) evaluated the persistence of decompaction by mechanical scarification in a typical 
dystrophic red latosol under no-till farming and found that changes in PR were observed 18 months after 
scarification. However, Colonego and Rosolem (2008) observed that the effects of scarification on soil physical 
properties do not persist for more than three years. Several authors have reported that the mobilization effect 
disappears as a result of soil wetting and drying cycles, the impact of raindrops, and the movement of 
agricultural machinery used for planting, harvesting and crop treatment (Veiga, Reichert, & Kaiser, 2008; 
Reichert et al., 2009).  
A possible explanation for the lower PR values in the SMBF and SMF systems at depths of 0.00-0.05 and 
0.05-0.10 m may be related to the greater root density of the crops used and higher organic carbon content 
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resulting from the residues generated by these systems; however, these attributes were not analyzed. In addition 
to these effects, planting mobilizes the soil surface and can reduce PR.  
The PR values recorded here were below the critical threshold reported in the literature (2.0 MPa) (Lal, 1999). In 
all the succession systems, penetration resistance values for the surface layer were lower than 1 MPa, which may 
be due to the greater effect of wetting and drying cycles as well as biological activity.  
 
Table 3. Mean values for soil penetration resistance (PR) and gravimetric moisture (GM) content as a function of 
gypsum, soil scarification and crop succession systems at different soil depths 
Treatments 
PR (MPa) GM (kg kg-1) 
0.0-0.05 m 0.05-0.10 m 0.10-0.20 m 0.0-0.05 m 0.05-0.10 m 0.10-0.20 m 
Gypsum With 0.78 1.25 1.26 0.45 0.46 0.41 
Without 0.86 1.20 1.24 0.43 0.48 0.40 
ANOVA  ns ns ns ns ns ns 
Scarification With 0.82 1.15 1.21 0.39 0.48 0.40 
Without 0.82 1.30 1.29 0.42 0.47 0.41 
ANOVA  ns ns ns ns ns ns 
Succession SMBP 0.76 b 1.00 b 1.32 0.43 a 0.47 0.40 
SMP 0.75 b 1.03 b 1.37 0.41 b 0.47 0.42 
SP 0.95 a 1.30 a 1.39 0.39 b 0.48 0.41 
ANOVA  * * ns ** ns ns 
Note. SMBF = soybean/maize/brachiaria/fallow; SMF = soybean/maize/fallow; SF = soybean/fallow; ** 
significant at 1% probability (p < .01); * significant at 5% probability (0.01 ≤ p < 0.05); ns = not significant (p ≥ 
0.05). Means followed by the same lowercase letter do not differ according to the Scott-Knott test at 5% 
probability. 
 
Although soil moisture content is highly dependent on factors of different origin, significant differences in this 
indicator were observed for the successions systems at 0.00-0.05 m (Table 3), and the highest value was recorded 
for the SMBF system, which may be due to soil exposure to external factors, leading to moisture losses in the 
remaining systems. This corroborates the findings of Dalmago et al. (2009), who observed that straw on the 
surface led to greater soil water storage, reducing evaporation and increasing infiltration (Fabrizzi, Garcia, Costa, 
& Picone 2005).  
3.2.3 Soil Texture 
None of the treatments studied affected soil texture (Table 4), which is consistent with the fact that it is not easily 
modified by soil management systems (Ferreira, 2010; Stone et al., 2012).  
 
Table 4. Mean sand, silt and clay values as a function of gypsum, soil scarification and crop succession systems 
Treatments 
0.00-0.05 m 0.05-0.10 m 0.10-0.20 m 
Sand Silt Clay Sand Silt Clay Sand Silt Clay 
 g kg-1 g kg-1 g kg-1 
Gypsum With 142.7  574.7 282.6 140.4 541.8 308.6 169.1  501.9  309.5 
Without 161.5  560.2 271.3 164.0 536.5 294.5 160.4  541.1  298.3 
ANOVA  ns ns ns ns ns ns ns ns ns 
Scarification With 157.6  581.9 257.5 157.5 537.0 305.3 151.0  527.6  301.9 
Without 156.5 576.7 266.8 146.9 541.3 297.7 178.5  515.5  305.9 
ANOVA  ns ns ns ns ns ns ns ns ns 
Succession SMBF 144.0  552.9 284.3 146.8 524.5 316.8 172.3 509.0 307.6 
SMF 167.5  557.1 270.6 153.0 544.6 298.7 157.8 529.5 304.7 
SF 159.9  568.2 261.0  156.8 548.3 288.9  164.1 526.1 299.4 
ANOVA  ns ns ns ns ns ns ns ns ns 
Note. SMBF = soybean/maize/brachiaria/fallow; SMF = soybean/maize/fallow; SF = soybean/fallow; ** 
significant at 1% probability (p < .01); * significant at 5% probability (0.01 ≤ p < 0.05); ns = not significant (p ≥ 
0.05). Means followed by the same lowercase letter do not differ according to the Scott-Knott test at 5% 
probability.  
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4. Conclusions 
Agricultural gypsum altered soil porosity and the highest macroporosity values in the first two layers assessed 
were observed in treatments that included gypsum application.  
The highest macroporosity and total porosity values were recorded in treatments with soil scarification. 
Crop succession systems can influence the physical characteristics of soil, with the lowest penetration resistance 
values found in the SMBF and SMF systems.  
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